Introduction {#sec1}
============

Hirsutism is defined as excessive terminal hair in androgen-dependent areas in women. Hirsutism is more than just a cosmetic problem for women because it has negative effects on their self-image and quality of life \[[@cit0001]\].

Hirsutism can result from androgenic or non-androgenic factors, or may be idiopathic. However, it mostly results from androgenic factors, with the most common cause being polycystic ovary syndrome (PCOS). Patients with no apparent cause of hirsutism are accepted to have idiopathic hirsutism (IH) \[[@cit0002]\]. The exact pathogenesis of IH remains unknown. Hirsutism is considered to be caused by an interaction between androgen levels and the sensitivity of the hair follicle to androgens \[[@cit0002], [@cit0003]\]. Previous studies indicate that patients with IH have normal serum androgen levels. However, increased local 5α-reductase activity in the skin is considered as the hallmark of hirsutism \[[@cit0003]\].

Polycystic ovary syndrome, which was first defined by Stein and Leventhal in 1935, is an endocrine disorder affecting 5--20% of women of reproductive age. Although the exact aetiology of PCOS remains unclear, several genetic and environmental factors have been observed in numerous studies \[[@cit0004], [@cit0005]\]. The PCOS is mostly characterized by hyperandrogenism and chronic anovulation. However, the diagnostic criteria for PCOS remain controversial. The PCOS has four main phenotypes: classic type 1, classic type 2, ovulatory, and normoandrogenic \[[@cit0006], [@cit0007]\].

Adipose tissue is no longer regarded as a storage site for triglycerides or as a source of free fatty acid but is currently emerging as a key constituent of energy metabolism secreting numerous enzymes, cytokines, growth factors, and hormones \[[@cit0008]\]. Moreover, the mature adipocytes available in the adipose tissue are accepted as an active endocrine organ secreting numerous mediators that participate in various metabolic reactions \[[@cit0009]\]. These active mediators are secreted from white adipose tissue and are termed 'adipokines'. Adipokines play a role in numerous physiological processes including nutrition, appetite, energy expenditure, insulin and glucose metabolisms, lipid metabolism, regulation of blood pressure, vascular remodelling, coagulation, and inflammation \[[@cit0010]\].

Galectin-3 (Gal3) is a member of the lectin family and has a molecular weight of about 30 kDa. Like all galectins, gal3 also includes amino acids that bind to β-galactosides \[[@cit0011]\]. Gal3 is responsible for a number of processes including apoptosis, cell cycle, cell growth, cell activation, and cell adhesion. Moreover, it has been shown to have a major role in heart failure, cancer, inflammation, fibrosis, stroke, diabetes, obesity, and atherosclerosis. In addition, it has been reported to play a key role in impaired follicular growth in patients with PCOS \[[@cit0012], [@cit0013]\].

Retinol-binding protein (RBP) is known as the primary carrier protein that binds to retinol in the plasma. RBP is currently emerging as a potential adipokine that modulates insulin resistance and glucose metabolism. Moreover, RBP has been shown to be associated with insulin resistance and to be elevated in patients with PCOS \[[@cit0014]--[@cit0016]\].

Lipocalin-2 (LCN2), also known as neutrophil gelatinase-associated lipocalin (NGAL), is a lipophilic lipoprotein of the lipocalin superfamily. LNC2 is associated with numerous physiological processes such as inflammation, apoptosis, transport of retinal and retinoic acid, cholesterol, and transport of prostaglandins. LCN2 is considered to be secreted from adipocytes, neutrophils, uterus endothelial cells, and the cells in the brain, colon, and lungs. Moreover, LCN2 has been shown to be elevated in several diseases including atherosclerosis, diabetes type 2, and PCOS \[[@cit0017]--[@cit0019]\].

Small, dense low-density lipoprotein (sdLDL) is more atherogenic than the other lipoproteins and has been shown to be strongly associated with coronary artery disease \[[@cit0020]\].

In this study, we aimed to evaluate serum levels of Gal3, LCN2, RBP, and sdLDL in patients with hirsutism and patients co-presenting with PCOS and hirsutism.

Material and Methods {#sec2}
====================

The study included 90 patients who presented to the Yuzuncu Yil University Medical School Dermatology Department between 2015 and 2017. The patients were divided into three groups: (I) patients with idiopathic hirsutism (IH) (*n* = 30), (II) PCOS patients with hirsutism (H-PCOS) (*n* = 30), and (III) the control group (*n* = 30). Informed consent was obtained from each participant. An approval was obtained from local ethics committee with approval number 90 dated 2 June 2015. The study protocol was prepared in accordance with the Declaration of Helsinki. Patient characteristics including age, gender, body height and weight, menstrual status, waist circumference (WC), diastolic blood pressure, body mass index (BMI), and status of smoking were recorded. Hormone profile testing was performed on days 3--7 of the menstrual cycle.

In the IH group, idiopathic hirsutism was scored using the modified Ferriman-Gallwey (mFG) scoring system. With this system, nine body areas including the upper lip, chin, chest, upper back, lower back, upper abdomen, lower abdomen, arm, and thigh were evaluated separately. Each area was scored between 0 and 4, where 0 indicates no presence of hair and 4 indicates presence of excessive hair. Hirsutism was represented by a score of 8 or above. Patients with a history of the irregular menstrual cycle and a known diagnosis of hirsutism, patients with an ongoing pregnancy, hyperprolactinemia, Cushing's syndrome, thyroid disorder and hepatic disease, and those who were breastfeeding and using hormone drugs were excluded from the IH group.

In the H-PCOS group, the patients were selected based on the modified Rotterdam criteria \[[@cit0021]\]. The diagnosis of PCOS was based on the presence of two of the three criteria: (I) oligo- or anovulation, (II) clinical and/or biochemical signs of hyperandrogenism, (III) ultrasonographic signs of polycystic ovaries and the exclusion of other disorders (e.g. Cushing's syndrome, congenital adrenal hyperplasia, and androgen secreting tumours). The patients were included into this group if they had an mFG score of 8 or above.

The control group included 30 women that presented to the Dermatology Department for routine examination of various diseases such as contact dermatitis, tinea pedis, and itching and had a history of regular menstrual cycles. All the patients had a normal hormone profile and had no other known disease.

Anthropometric measurements included weight (kg), height (cm), and waist circumference (cm). Body mass index was calculated by the weight in kilograms divided by the square of the height. The venous blood samples obtained during the routine dermatological examinations were collected into non-anticoagulant yellow-top tubes and were transferred for biochemical analysis. Following the coagulation process, the samples were centrifuged at 1,500 g/rpm for 10 min and the serum was separated. The samples were then divided into sections and stored at --40° C until analysis. Human Gal3, LCN2, RBP, and sdLDL levels were analysed using a commercially available double-antigen sandwich enzyme-linked immunosorbent assay (ELISA) (Eastbiopharm^®^, Zhejiang, China). The results were expressed as Gal3 (pg/ml), LCN2 (ng/l), RBP (ng/ml), and sdLDL (mmol/l).

Statistical analysis {#sec2.1}
--------------------

Data were analysed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA). Descriptive statistics were expressed as mean, standard deviation (SD), median, interquartile range (IQR), minimum, and maximum. The Pearson correlation coefficient, χ^2^ test, and Fisher's exact test were used for comparing 2x2 tables. Parametric variables with normal distribution were compared by using independent *t*-test for two groups and one-way ANOVA for three or more groups. Nonparametric variables with non-normal distribution were compared by using Mann Whitney *U* test for two groups and Kruskal-Wallis test for three or more groups. A *p* \< 0.05 was considered significant.

Results {#sec3}
=======

The results indicated that no significant difference was observed among the three groups with regard to the Gal3, LCN2, RBP, and sdLDL levels (*p* \> 0.05) ([Table 1](#t0001){ref-type="table"}).

###### 

Comparison of Gal3, LCN2, RBP, and sdLDL levels among the groups

  Parameter                         Median              IQR                  Min.       Max.       *P*-value[^1^](#tf1-1){ref-type="table-fn"}
  ---------------------- ---------- ------------------- -------------------- ---------- ---------- ---------------------------------------------
  Galectin-3 \[pg/ml\]   H-PCOS     742.245             414.865--1427.927    201.291    2200.519   0.643
  IH                     656.014    522.154--939.275    75.000               2229.769              
  Control                850.035    469.011--2044.840   75.000               2554.501              
  Lipocalin 2 \[ng/l\]   H-PCOS     1364.860            1050.000--2108.434   200.000    3794.060   0.212
  IH                     1065.470   974.183--1651.880   200.000              4015.930              
  Control                1122.720   200.000--1497.150   200.000              4034.070              
  RBP \[ng/ml\]          H-PCOS     182.39              139.99--264.36       25.00      493.49     0.232
  IH                     169.96     116.78--221.96      25.00                475.25                
  Control                195.50     144.33--444.16      25.00                503.91                
  sdLDL \[mmol/l\]       H-PCOS     1.81                1.20--3.61           0.30       6.63       0.874
  IH                     1.70       1.16--3.49          0.30                 6.12                  
  Control                1.64       1.35--4.06          0.30                 6.59                  

Kruskal-Wallis Test, IH -- idiopathic hirsutism, H-PCOS -- PCOS with hirsutism, RBP -- retinal binding protein, sdLDL -- small, dense low-density lipoprotein.

It was also revealed that body weight, waist circumference, systolic and diastolic blood pressure, and BMI showed a significant difference among the three groups. The post hoc analysis indicated that this difference was between H-PCOS and the other two groups. Meaningfully, median values for body weight, waist circumference, systolic and diastolic blood pressure, and BMI were higher in the H-PCOS group than in the other two groups: body weight (median: 76.5 kg) (*p* \< 0.001), waist circumference (median: 82.5 cm) (*p* = 0.001), systolic blood pressure (median: 110) (*p* = 0.002), diastolic blood pressure (median: 70) (*p* = 0.008), and BMI (median: 28.75 ±2.84) (*p* \< 0.001) ([Table 2](#t0002){ref-type="table"}).

###### 

Comparison of age, height, weight, waist circumference, blood pressure, and BMI among the groups

  Parameter                                          Median           IQR              Min.     Max.                                             *P*-value[^1^](#tf2-1){ref-type="table-fn"}
  ------------------------------------ ------------- ---------------- ---------------- -------- ------------------------------------------------ ---------------------------------------------
  Age \[years\]                        H-PCOS        23.00            19.00--25.00     17.00    33.00                                            0.813
  IH                                   22.00         20.00--25.00     16.00            31.00                                                     
  Control                              21.50         19.00--23.00     17.00            33.00                                                     
  Height \[cm\]                        H-PCOS        162.00           158.00--165.00   152.00   173.00                                           0.551
  IH                                   161.00        159.00--164.00   155.00           171.00                                                    
  Control                              161.00        158.00--163.00   155.00           172.00                                                    
  Weight \[kg\]                        H-PCOS        76.50            68.00--82.00     60.00    97.00                                            **\< 0.001**
  IH                                   59.50         56.00--63.00     49.00            83.00                                                     
  Control                              61.00         57.00--63.00     50.00            84.00                                                     
  Waist circumference \[cm\]           H-PCOS        82.50            76.00--94.00     60.00    105.00                                           **0.001**
  IH                                   73.00         68.00--81.00     62.00            95.00                                                     
  Control                              74.50         70.00--80.00     65.00            101.00                                                    
  Systolic blood pressure \[mm Hg\]    H-PCOS        110.00           100.00--120.00   90.00    130.00                                           **0.002**
  IH                                   100.00        90.00--110.00    60.00            120.00                                                    
  Control                              100.00        100.00--100.00   90.00            120.00                                                    
  Diastolic blood pressure \[mm Hg\]   H-PCOS        70.00            70.00--80.00     60.00    80.00                                            **0.008**
  IH                                   60.00         60.00--70.00     50.00            90.00                                                     
  Control                              65.00         60.00--70.00     50.00            80.00                                                     
  BMI \[kg/m^2^\]                      H-PCOS        28.75 ±2.84      23.40            33.90    **\< 0.001[^2^](#tf2-1){ref-type="table-fn"}**   
  IH                                   23.27 ±3.06   18.10            30.10                                                                      
  Control                              23.55 ±2.82   17.30            28.80                                                                      

Kruskal Wallis Test

ANOVA Test results were expressed as mean ± SD instead of median and IQR

IH -- idiopathic hirsutism, H-PCOS -- PCOS with hirsutism, BMI -- body mass index.

An analysis of the cholesterol levels among the three groups indicated that cholesterol and LDL cholesterol levels showed a significant difference among the three groups. The post hoc analysis also revealed that both cholesterol and LDL cholesterol levels were higher in the H-PCOS group compared to the other two groups (median: 175.50 and 105.43 ±18.69; *p* = 0.001 and 0.003, respectively) ([Table 3](#t0003){ref-type="table"}).

###### 

Comparison of cholesterol levels among the three groups

  Parameter                        Median           IQR              Min.     Max.                                          *P*-value[^1^](#tf3-1){ref-type="table-fn"}
  ----------------- -------------- ---------------- ---------------- -------- --------------------------------------------- ---------------------------------------------
  HDL cholesterol   H-PCOS         44.50            41.00--50.00     31.00    79.00                                         0.260
  IH                44.50          40.00--49.00     27.00            54.00                                                  
  Control           47.00          43.00--52.00     29.00            66.00                                                  
  cholesterol       H-PCOS         175.50           160.00--185.00   140.00   252.00                                        **0.001**
  IH                160.00         139.00--167.00   112.00           271.00                                                 
  Control           154.00         133.00--170.00   118.00           190.00                                                 
  LDL cholesterol   H-PCOS         105.43 ±18.69    79.00            150.00   **0.003[^2^](#tf3-2){ref-type="table-fn"}**   
  IH                97.57 ±30.72   55.00            214.00                                                                  
  Control           84.43 ±18.02   55.00            112.00                                                                  

Kruskal Wallis Test

ANOVA Test results were expressed as mean ± SD instead of median and IQR

IH -- idiopathic hirsutism, H-PCOS -- PCOS with hirsutism.

Discussion {#sec4}
==========

The results indicated that serum Gal3, LCN2, RBP, and sdLDL levels were normal in the IH and H-PCOS groups compared to the control group. To our knowledge, this is the first study in the literature evaluating all these four parameters in patients with IH and H-PCOS.

Li *et al.* showed that Gal3 is elevated in obese rats and humans. The authors also found that Gal3 administration *in vivo* causes systemic insulin resistance both acutely and chronically and *in vitro* inhibits insulin receptor activity in adipocytes, muscle cells, and hepatocytes. The authors concluded that Gal3 may be an important cause of systemic and cellular insulin resistance \[[@cit0022]\]. Recent reports indicate that Gal3 is elevated in patients with heart failure and atherosclerosis and Gal3 has been approved by the Food and Drugs Administration (FDA) as a marker of heart failure. In their review article, Agnello *et al.* suggested that Gal3 is an important prognostic marker for acute coronary syndrome \[[@cit0023]\]. Similarly, Xie *et al.* reported that Gal3 is closely associated with autoimmunity in rheumatoid arthritis and also plays a key role in the aetiology of rheumatoid arthritis \[[@cit0024]\]. Venkatraman *et al.* also showed that Gal3 is a practical biomarker and a promising molecule in haemorrhagic stroke and cerebrovascular diseases \[[@cit0025]\]. In addition, Feng *et al.* indicated that Gal3 is elevated in acute exacerbation of chronic obstructive pulmonary disease (COPD) and that Gal3 is a valuable biomarker for this disease \[[@cit0026]\]. On the other hand, Saccon *et al.* reported that galectins play a key role in renal haemostasis and several other renal diseases and also suggested that Gal3 is an important control point in acute and chronic inflammation. The authors also noted that Gal3 plays a pivotal role in wound repair although it causes fibrosis in various organs and concluded that Gal3 can be a useful marker in renal diseases \[[@cit0027]\]. Yilmaz *et al.* also reported that Gal3 was elevated in patients with PCOS and showed that this elevation was accompanied by insulin resistance and hyperandrogenemia. The authors concluded that Gal3 plays a key role in the aetiology of PCOS \[[@cit0012]\]. In our study, Gal3 levels showed no significant difference between the H-PCOS and IH groups and the control group, which suggests that Gal3 cannot be a useful marker in hirsutism and PCOS. Moreover, the finding that Gal3 levels were found to be elevated in the PCOS patients reported in previous studies and were found to be normal in our PCOS patients could be attributed to the fact that our PCOS patients also co-presented with hirsutism. To our knowledge, our study is the first report in the literature to investigate the Gal3 level in patients with IH.

Jiao *et al.* reported that elevated serum levels of RBP were associated with an increased risk of breast cancer. Moreover, the authors showed that this elevation was independent of BMI and serum lipids and was not associated with the type of breast cancer \[[@cit0028]\]. Yang *et al.* \[[@cit0029]\] and Graham *et al.* \[[@cit0030]\] reported that the RBP synthesized by the adipocytes may result in metabolic diseases including hepatic diseases. Dong *et al.* also noted that elevated RBP levels pose an important risk factor for coronary artery disease and for the formation of plaques in the carotid artery. The authors suggested that early detection and regulation of RBP elevation is of crucial importance \[[@cit0031]\]. Kokkinos *et al*. found that serum RBP levels were elevated in patients with hyperthyroidism but were normalized after the treatment. The authors concluded that RBP is a key marker in thyroid dysfunction \[[@cit0032]\]. Jeon *et al.* also found that RBP levels were significantly elevated in patients with PCOS compared to control subjects \[[@cit0033]\]. Weiping *et al.* reported that an elevated RBP level was associated with insulin resistance in PCOS patients \[[@cit0034]\]. Mellati *et al.* also found that RBP levels were elevated in PCOS patients and this elevation was associated with androgen hormones but not with insulin resistance \[[@cit0035]\]. Although RBP has been reported to be elevated in PCOS and some other diseases in previous studies, we found normal RBP levels in patients with IH and PCOS. Therefore, we believe that RBP cannot be a useful marker in IH and PCOS patients. Moreover, the finding that the patients in the H-PCOS group had normal RBP levels despite having higher values for waist circumference and body weight suggests that RBP is not associated with body fat percentage.

Shen *et al.* evaluated 115 patients with severe brain injury and 115 control subjects and reported that LCN2 levels were significantly higher in patients with acute brain injuries and thus LCN2 could be an important prognostic marker in such patients \[[@cit0036]\]. Flo *et al.* compared LCN2-deficient rats with control rats and reported that LCN2 provides protection against systemic *E. coli* infections \[[@cit0037], [@cit0038]\]. Similarly, Berger *et al.* found that LCN2 provides protection against systemic *E. coli* sepsis \[[@cit0037], [@cit0038]\]. Tsuda *et al.* reported that the gene expression levels of LCN2 were significantly decreased in lung hypoplasia in rats and in congenital diaphragmatic hernias in humans and thus LCN2 is a useful biomarker in the diagnosis of such diseases \[[@cit0039]\]. Wu *et al.* suggested that LCN2 is a valuable marker in the early diagnosis and treatment of cardiovascular diseases \[[@cit0040]\]. Choi *et al.* found that there was no significant difference in LCN2 levels between obese and non-obese individuals and that the LCN2 levels did not change following exercise training with weight loss \[[@cit0041]\]. However, Yilmaz *et al.* found that although LCN2 was elevated in patients with PCOS, it was not associated with insulin resistance and obesity but was significantly associated with serum androgen levels \[[@cit0012]\]. Similarly, Ozkaya *et al.* found elevated LCN2 levels in women with PCOS \[[@cit0042]\]. Conversely, Koiou *et al.* found normal LCN2 levels in PCOS patients \[[@cit0043]\]. Panidis *et al.* found no association between serum LCN2 levels and PCOS but suggested that LCN2 could be a valuable marker for insulin resistance in obese patients \[[@cit0019]\]. Gencer *et al.* reported that LCN2 was decreased in PCOS patients and there was no relationship between LCN2 and cardiovascular disease \[[@cit0044]\]. Although LCN2 has been reported as a novel biomarker in previous studies, we found normal LCN2 levels in our patients and obtained similar results with Koiou *et al.* and Panidis *et al.* To the best of our knowledge, our study is the first report in the literature to investigate LCN2 levels in patients with IH.

Low-density lipoprotein (LDL) consists of several subgroups of particles with different sizes and densities, including large buoyant (lb), intermediate, and small dense (sd) LDLs. In recent reports, sdLDL has been shown to be more atherogenic than the other subgroups and total LDL and to be an important marker in the development of cardiovascular diseases \[[@cit0045], [@cit0046]\]. Kulanuwat *et al.* evaluated a Thai population and reported that sdLDL increased with obesity and also led to an increased risk of obesity and atherosclerosis \[[@cit0047]\]. However, Phelan *et al*. found no significant difference in sdLDL levels between women with PCOS and control subjects \[[@cit0048]\]. Kocer *et al.* found increased sdLDL levels and decreased high-density lipoprotein (HDL) levels in patients with PCOS. The authors also noted that the patients had an excess risk of cardiovascular disease and metabolic syndrome and these risks could be eliminated by metformin treatment \[[@cit0049]\]. Kim *et al.* also found increased sdLDL levels in patients with PCOS and suggested that dyslipidemia could be the primary indicator of metabolic syndrome in patients with PCOS \[[@cit0050]\]. In our study, serum sdLDL levels showed no significant difference between the patients with IH and H-PCOS and the control subjects, similar to the findings presented by Phelan *et al.* Meaningfully, this finding suggests that sdLDL cannot be a useful marker in patients with hirsutism. Our study was limited since it had a small number of patients and was a single-centre study.

Our results also indicated that the patients with PCOS had normal Gal3, LCN2, RBP, and sdLDL levels although they had greater body weight and waist circumference compared to the other groups, which suggests that these four parameters did not correlate with body weight. The literature reviews demonstrate that although the relationship between adipose tissue and its metabolism and PCOS has been extensively investigated, there have been very few studies reporting on this relationship in patients with IH. In the present study, we aimed to evaluate this relationship in patients with IH by analysing four key parameters.

Conclusions {#sec5}
===========

No significant correlation was found between the adipokines that play a role in the aetiology of numerous diseases and some mediators of the lipid metabolism and hirsutism. Nevertheless, further multi-centre studies are needed to present more substantial findings related to this relationship.
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